Thermodynamic Charaderistics and Mecdhanism of Copper
Monolayer Eledrocrystalli zation from Sulphate Solution
N. P. Yurchenko*, V. V. Trofimenko
Department of Physicd Chemistry & Eledrochemistry,
Dnepropetrovsk National University
Nauchnaya Stred 13, 49625, Dnepropetrovsk, Ukraine, e-mail:
elchem@ff.dsu.dp.ua

The thermodynamic charaderistics of discharge and
crystalli zation stages of metals eledrodeposition are an essential
argument in substantation d eledrode processmechanism [1].
This approach which suggests partiti oning of the overpotential

to the summands of the discharge ng and crystalli zation ¢

overpotentials [2] has been utilli zed at the analysis of the
galvanostatic copper mondayer growth on the wpper
palycrystalli c dectrode. The experiments have been carried ou

in the solution containing 1M CuSQ,,05M H,SO,4 on

the copper coating butt platinum eledrode. The exchange
currents of discharge stage iy and crystalli zation stage v and the
“equili brium™ adatoms concentration ¢y have been determined
from the potential transient curves by the method[3]. According
to [4] from the temperature dependences of these parameters

(4—40°C) the heat effed AH, = 204+ 22kJ[mole™1, the
entropy AS, = -510+ 70J[nole 1 (K -1 and the adivation
enthalpie AHZ = 212+ 54kJ[inoleL of crystallyzaion
stage and the adivation enthal pie of discharge stage

AI:|E,t =65+ 3kJMole ~1 have been determined for
equilibrium. The adivation enthalpie of crystalli zation stage
during growth AH é(i) =64+8 kJ[nole 1 hase been

caculated from the N ,i — curves sries obtaned after
partitioning of the ng and . overpotentiasfor the mondayer
filli ng time. The indexes of the direct and badkward diredions
areindicated acwrding to the eguation: Cugg +p < Cup,
wherep, Cugg and Cup note growth sites, copper adatoms on
flat eledtrode spaces and in growth sites.

The comparison d the valuesof AH, and AHZ

shows that the AH é isin limits of the adivation energy value

of adatoms surfacediffusion[1]. However according to the
principle of microreversibility andin connedion with the

).

symmetry of surfacediffusion energy barrier the relation

AHZ OAH . should befulfill ed but it contradicts the

experiment. The essntial change of entropy does not answer
chedking role of surface diffusion also. In this connedion the
deduction about a slow adatoms incorporation into growth sites,
which define aystalli zation overpatential, has been made. The

valuesof AHZ and AS, arein acordancewith such

mechanism: Aﬁé is closeto the theoreticdly rated quantity of
adivation enthalpy of copper adatoms exit from growth steps
[1], and Aéc corresponds to diminution of the freedom degrees

number of adatomsin growth sites. The obtained results do not
eliminate participation o adatoms (adions) surfacediffusionin
eledrocrystalli zation bu the values of the relative depth of

penetration (Ag / Xg [02.5) prove aminor inhibition of this
stage of process

The given data mrresponds the foll owing
mechanism of process The Cu®* ions reduction develops by

steps; the Aﬂg value answers a slow addition of the first

eledronand is close to the quantity calculated onthe basis of the
solvent reorganization theory [5]. Depending onthe alatom
(adions) diffusion flow density the further ions reduction
happens or on flat surfacespaces, or nea to growth steps (dired

discharge). According to [1] andthe Aq /X valuesthe first

caseis more probable becaiseit is gipulated by a partia charge
transfer, and adions are the diffusing particles. The energy

barrier AH é(i) (at equili brium AHZ ) controlling

crystalli zation stage is determined by adions incorporation to
growth steps or half-crystal positions.
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